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(54) Faraday cage 

(57) A Faraday cage (10) is provided for EMI/RFI 
shielding which includes a substrate (30) having an 
electrical ground; at least one electronic component (40) 
electrically connected to the substrate; a conductive 
housing (11); and an electrically conductive adhesive 
(20) The electrically conductive adhesive may be de- 
fined by a substrate having numerous passageways 
(22) through the substrate. The passageways are de- 



fined by a plurality of walls of the material making up the 
substrate. The walls are covered with a layer of conduc- 
tive metal (23). The passageways (22) are filled with a 
non-conductive adhesive resin. The conductive housing 
is adhesively electrically mounted to the electrical 
ground of the substrate, over the electronic component, 
to shield electromagnetic and radio frequency interfer- 
ence. 
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Description 



Electromagnetic interference (EMI) has been de- 
fined as undesired conducted or radiated electrical dis- 
turbances from an electrical or electronic apparatus, in- 
cluding transients, which can interfere with the operation 
of other electrical or electronic apparatus. Such distur- 
bances can occur anywhere in the elertromagnetic 
spectrum. Radio frequency interference (RFI) is often 
used interchangeably with electromagnetic interfer- 
ence although it is more properly restricted to the radio 
frequency portion of the electromagnetic spectrum, usu- 
ally defined as between 24 kilohertz (kHz) and 240 gi- 

? shteldte defined as a metallic or otherwise elec- 
trically conductive configuration inserted between a 
source of EMI/RFI and a desired area of protection. 
Such a shield may be provided to prevent electromag- 
netic energy from radiating from a source. Additionally, 
such a shield may prevent external electromagnetic en- 
ergy from entering the shielded system. As a practical 
matter such shields normally take the form of an elec- 
trically conductive housing which is electrically ground- 
ed. The energy of the EMI/RFI is thereby d.ssipated 
harmlessly to ground. 

Because EMI/RFI disrupts the operation of elec- 
tronic components, such as integrated circuit (IC) chips, 
IC packages, hybrid components, and multi-chip mod- 
ules various methods have been used to contain EMI/ 
RFI 'from electronic components. The most common 
method is to electrically ground a -can", that will cover 
the electronic components, to a substrate such as a 
printed wiring board. As is well known, a can is a shield 
that may be in the form of a conductive housing a met- 
allized cover, a small metal box, a perforated conductive 
case wherein spaces are arranged to minimize radiation 
over a given frequency band, or any other form of a con- 
ductive surface that surrounds electronic components 
When the can is mounted on a substrate such that it 
completely surrounds and encloses the electronic com- 
ponents, it is often referred to as a Faraday Cage. 

Presently, there are two predominant methods to 
form a Faraday cage around electronic components for 
shielding use. A first method is to solder a can to a 
around strip that surrounds electronic components on a 
printed wiring board (PWB). Although soldering a can 
provides excellent electrical properties, this method is 
often labor intensive. Also, a soldered can is difficult to 
remove if an electronic component needs to be re- 
worked A second method is to mechanically secure a 
can or other enclosure, with a suitable mechanical fas- 
tener, such as a plurality of screws or a clamp, for ex- 
ample Typically, a conductive gasket material is usually 
attached to the bottom surface of a can to ensure good 
electrical contact with the ground strip on the PWB. Me- 
chanically securing a can facilitates the re-work of elec- 
tronic components, however, mechanical fasteners are 
bulky and occupy "valuable' space on a PWB. 



To date, adhesives have not been realistically con- 
sidered for the attachment of cans to PWBs. An electri- 
cally conductive adhesive does not exist that provides 
adequate electrical properties without resin flow As is 
s well known, because electrical components are often lo- 
cated very close to a can, any flow of a conductive ad- 
hesive may electrically short an electrical component to 
the can This is made more difficult by the manufacturing 
tolerances of the cans and PWBs, which produce parts 
10 that are not perfectly flat. The variation of the parts being 
attached will produce a variable gap between the can 
and the PWB. If enough pressure is applied to ensure 
the conductive adhesive fills the areas where the gap is 
great, then the conductive adhesive will flow out from 
J5 locations where the gap is small. 

The foregoing illustrates limitations in existing Far- 
aday cage designs. Thus, it is apparent that it would be 
advantageous to provide an improved Faraday cage di- 
rected to overcoming one or more of the limitations set 
20 forth above. Accordingly, a suitable alternative is provid- 
ed including features more fully disclosed hereinafter. 

It is an object of the present invention to provide a 
Faraday cage for EMI shielding that is quickly and easily 
attached, that provides good electrical grounding, that 
25 does not promote shorting to components, and that al- 
lows for simple rework of electrical components. 

According to the present invention there is provided 
a Faraday cage comprising: 



30 a substrate having an electrical ground; 

at least one electronic component electrically con- 
nected to the substrate; 
a conductive housing; and 
an electrically conductive adhesive which adhe- 
3S sively electrically mounts the conductive housing to 
the electrical ground of the substrate, such that the 
conductive housing is disposed over the at least 
one electronic component, to shield electromagnet- 
ic and radio frequency interference. 

The present invention advances the art of electro- 
magnetic and radio frequency interference (EMI/RFI) 
shielding beyond which is known to date. 

Preferably the electrically conductive adhesive may 
45 be defined by a substrate having numerous passage- 
ways through the substrate, the passageways being de- 
fined by a plurality of walls of the material making up the 
substrate, said walls being covered with a layer of con- 
ductive metal and the passageways being filled with a 
so non-conductive adhesive resin. The conductive housing 
is adhesively electrically mounted to the electncal 
ground of the substrate, over the electronic component, 
to shield electromagnetic and radio frequency mterfer- 

55 ^Embodiments of the present invention will now be 
described by way of example, with reference to the ac- 
companying drawings in which: - 
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Figure 1 is a sectional view of the Faraday cage of 
the present invention shown attached to a PWB with 
a conductive adhesive, wherein the Faraday cage 
is providing EMI/RFI shielding; and 
Figure 2 is an enlarged partial sectional illustration 
ol one embodiment of a suitable conductive adhe- 
sive in accordance with the teachings of the present 
invention. 



As best seen by reference to Figure 1, a Faraday 
cage, generally illustrated at 10, is provided for EMI/RFI 
shielding. The Faraday cage 10 comprises a conductive 
housing 11 that is adhesively electrically mounted to an 
electrical ground 31 of a substrate 30, over at least one 
electronic component 40, to shield electromagnetic and 
radio frequency interference. 

The housing 1 1 may be formed of a thin metal sheet, 
such as a .015 inch thick nickel sheet, for example. Oth- 
er suitable metals may include, but are not limited to 
copper, aluminum, or steel, for example. It may also be 
desirable to surface treat the metal with a chromate con- 
version coating in the case of aluminum, or a nickel plate 
in the case of copper or aluminum. The desirable prop- 
erties of the surface treatment would be enhanced re- 
sistance to environmental conditions while maintaining 
electrical conductivity. 

In addition to the use of metal for the housing 11 , 
plastic materials may be formed and metallized in order 
to provide the desired shape combined with the requisite 
electrical shielding. Such plastic materials may include, 
but are not limited to, polyphenylene sulfide, polyamide, 
acetyl, acetylene-butadienestyrene terpolymer, poly- 
tetrafluoroethylene, polyvinyl chloride, polypropylene, 
polyethylene, polyethylene terephthalate (PET), poly- 
butyline terephthalate (PBT), polycarbonate, or liquid 
crystal polymer (LCP). The surface metallization might 
be provided by electroless plating, evaporation, sputter- 
ing, metal paints, thermof ormed metallized shielding, or 
the like. Metals for the shielding would include, but are 
not limited to, copper, nickel, silver, gold, aluminum, and 
the like. 

The housing may be formed into any suitable 
shape, however, generally the housing defines an en- 
closure having an open end. The open end defines a 
base footprint having a predetermined width. The open 
end of the housing is positioned over the electronic com- 
ponents 40. The housing 11 may define discrete internal 
compartments such that individual electronic compo- 
nents may be individually shielded. 

As illustrated in Figure 1 , the substrate 30 may com- 
prise a printed wiring board (PWB). The PWB electrical- 
ly connects the electronic components 40, which are 
mounted thereon, to form an appropriate electrical func- 
tion. The electronic components are electrically con- 
nected to the PWB by the means of a series of electrical 
contact points 41 . The electronic components are nor- 
mally in the form of leadless packages, through hole 
packages, gull wing packages, J-lead packages, ball 



grid arrays, land grid arrays, or pin grid arrays, tor ex- 
ample. The contact points 41 are attached to the PWB 
by means of sockets, solder, conductive adhesives, or 
any other suitable means. 
s As illustrated in Figure 1 , the electronic components 
40 that need to be shielded against EMI/RFI will be sur- 
rounded by a ground strip or ring 31 that is formed as 
part of the top layer of the PWB 30. This ground ring will 
preferably be of a width equal to or greater than the width 
10 of the base footprint of the housing 11 . The conductive 
surface of the ground ring may be formed by any con- 
ventional method used to manufacture PWBs. The con- 
ductive material to form the ring 31 may include, but is 
not limited to, etched copper or screen printed polymer 
is thick films. It may also be desirable to plate a surface 
metal, such as nickel, gold, silver or the like, on the con- 
ductive surface to enhance resistance to environmental 
conditions while maintaining electrical conductivity. The 
ground ring 31 is preferably connected to a ground path 
20 of the electrical circuit of the PWB by the means of a 
circuit trace, plated through hole or the like. 

The housing 11 is electrically and adhesively con- 
nected to the ground ring 31 on the PWB 30 by means 
of an electrically conductive adhesive 20. The spacing 
25 between the ground ring and any electrical contact 41 
of a component 40 is such that there is no chance of 
electrically shorting an electrical contact 41 to either the 
housing 11 or the adhesive 20. Preferably, a suitable 
spacing is about 0.040 inches. 
30 In a preferred embodiment of the present invention, 
the conductive adhesive material 20 comprises a sub- 
strate 21 which is provided with passageways 22 ex- 
tending from one side of the substrate 21 to the other 
The substrate can be a fabric, a porous membrane, a 
35 foam, or the like. Preferably it should be resilient and 
compressible to provide compliance when used as an 
adhesive substrate. The fabric can be a woven, nonwo- 
ven, knit or the like, provided it has the requisite pas- 
sageways. Representative fabrics can be polyamide, 
40 PTFE, polyester, polyurethane or polyimide, or the like. 
An especially preferred substrate, for its strength, com- 
pressibility, temperature resistance and chemical inert- 
ness is porous polytetrafluoroethylene (PTFE). 

As the term is used herein porous polytetrafluor- 
45 oethylene (PTFE) shall mean PTFE which may be pre- 
pared by any number of known processes, for example, 
by stretching or drawing processes, by papermaking 
processes, by processes in which filler materials are in- 
corporated with the PTFE resin and which are subse- 
so quently removed to leave a porous structure, or by pow- 
der sintering processes. Preferably, the porous poly- 
tetrafluoroethylene is porous expanded polytetrafluor- 
oethylene having a microstructure of interconnected 
nodes and fibrils, as described in U.S. Patent Nos. 
55 3,953,566; 4,187,390; and 4,110,392, which are incor- 
porated herein by reference, and which fully describe 
the preferred material and processes for making them. 
The substrate 21 will generally have a thickness 
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ranging from 0.003 inches to about 0.100 inches, and 
generally will take the form of a sheet, although the 
shape can be matched to the components that are being 
bonded together. 

The walls of the passageways 22 have adhered to 
them a continuous conductive metal 23 which can be 
formed on the walls by an electroless plating procedure. 
Representative conductive metals include copper, nick- 
el silver, gold, and the like. The metal coating, or plating, 
does not fill the passageway volume but only covers the 
material defining the passageways. 

When the substrate is a polymeric fabric such as a 
polyester fabric, such conductive plated substrates are 
available from Monsanto Co., under the tradename 
Flectron materials. 

When the substrate is expanded porous PTFE, the 
conductive plated substrate can be prepared as de- 
scribed generally in United States Patent 4,557,957. 

Once the conductive metal material is in place on 
the walls of the passageways, the remaining passage- 
way volume is filled with a non-conductive adhesive 24. 
Suitable adhesives include epoxy resin, acrylic resin, 
urethan resin, silicone resin, polyimide resin, cyanate 
ester resin or the like. The adhesive is conveniently im- 
bibed into the passageways by immersing the substrate 
in a solution of the adhesive. For an epoxy resin adhe- 
sive, a suitable solvent is methylethylketone. 

The conductive housing 1 1 may be attached to the 
p WB 30 by placing the conductive adhesive 20 between 
the conductive housing 11 and the PWB 30, and apply- 
ing pressure and/or heat to the conductive adhesive to 
connect the adhesive to both the footprint of the housing 
and a surface of the ground ring 31 . A preferred adhe- 
sive would use a pressure sensitive adhesive resin that 
would require only minimal pressure and no additional 
heat. Depending on the performance needed, however, 
it might be preferable to use a thermoplastic, snap cure, 
or thermosetting adhesive resin to attach the conductive 
housing to the PWB. 

In another embodiment of the present invention, the 
conductive housing 11 may be defined by a plastic ma- 
terial which has made integral therewith a continuous 
layer of the conductive adhesive 20. Inthis embodiment, 
the conductive adhesive 20 serves as both the metalli- 
zation for the conductive housing to provide requisite 
EMI/RFI shielding and as the bonding mechanism for 
adhesively electrically mounting the conductive housing 
11 to the ground strip 31. 

EXAMPLE 1 

A Faraday cage, in accordance with the teachings 
o1 the present invention, was made by first preparing a 
conductive housing by taking a 0.015 inch thick nickel 
sheet and using a standard draw down process to form 
a shield with a top, four sides, and an open bottom. 
Along the bottom edge of the housing, a flanged edge 
was formed that extended 0.04 inches from the edge of 



the sides. On a corresponding PWB, a 0.05 inch ground 
strip was etched in copper to match the footprint of the 
housing. A ring of conductive adhesive material was la- 
ser cut to produce a ring that was 0.04 inches wide and 
s followed the footprint of the housing. The conductive ad- 
hesive was a metallized, porous ePTFE conductive ma- 
trix filled with a polybutadiene adhesive resin. The con- 
ductive adhesive had a release liner on both sides to 
facilitate handling. The releaser liner was removed from 
w one side of the laser cut conductive adhesive and the 
ring of adhesive was attached to the ground strip of the 
PWB using hand pressure. The other side of the release 
liner was removed, and the housing was placed on top 
ol the adhesive with hand pressure. The housing meas- 
15 ured an electrical resistance of 12miJ when measured 
with a four wire microohmmeter f rom the top of the hous- 
ing to the edge of the ground strip. 



EXAMPLE 2 

20 

A Faraday cage, in accordance with the teachings 
of the present invention, was made by first preparing a 
housing by taking a 0.015 inch thick nickel sheet and 
using a standard draw down process to form a shield 
25 with a top, four sides, and an open bottom. Along the 
bottom edge of the housing, a flanged edge was formed 
that extended 0.04 inches from the edge of the sides. 
On a corresponding PWB, a 0.05 inch ground strip was 
etched in copper to match the footprint of the housing. 
30 A ring of conductive adhesive was laser cut to produce 
a ring that was 0.04 inches wide and followed the foot- 
print of the housing. The conductive adhesive was a 
metallized, porous polyester conductive matrix filled 
with a polybutadiene adhesive resin. The conductive ad- 
3S hesive had a release liner on both sides to facilitate han- 
dling. The release liner was removed from one side of 
the laser cut adhesive and the ring of adhesive was at- 
tached to the ground strip of the PWB using hand pres- 
sure The other side of the release liner was removed, 
40 and the housing was placed on top of the adhesive with 
hand pressure. The housing measured an electrical re- 
sistance of 1 43 m£2 when measured with a four wire mi- 
croohmmeter from the top of the housing to the edge of 
the ground strip. 
45 Although a few exemplary embodiments of the 
present invention have been described in detail above, 
those skilled in the art readily appreciate that many mod- 
ifications are possible without materially departing from 
the novel teachings and advantages which are de- 
so scribed herein. Accordingly, all such modifications are 
intended to be included within the scope of the present 
invention, as defined by the following claims. 



55 Claims 

1 . A Faraday cage comprising: 



4 



7 




EP 0 806 892 A1 



a substrate having an electrical ground; 
at least one electronic component electrically 
connected to the substrate; 
a conductive housing; and 
an electrically conductive adhesive which ad- s 
hesively electrically mounts the conductive 
housing to the electrical ground of the sub- 
strate, such that the conductive housing is dis- 
posed over the at least one electronic compo- 
nent, to shield electromagnetic and radio fre- »° 
quency interference. 

2. A Faraday cage as claimed in claim 1 , wherein the 
conductive housing has at least an open end where- 
by the open end can be disposed over the at least « 
one electronic component. 

3. A Faraday cage as claimed in claim 1 or 2, wherein 

the substrate is a printed wiring board. ^ 

4 A Faraday cage as claimed in any of claims 1 to 3, 
wherein the conductive housing is a metallized 
plastic housing. 

5. A Faraday cage as claimed in any preceding claim, 2 s 
wherein the electrically conductive adhesive is de- 
fined by a substrate having numerous passage- 
ways through the substrate, the passageways be- 
ing defined by a plurality of walls of the material 
making up the substrate, said walls being covered 30 
with a layer of conductive metal, and said passage- 
ways being filled with a non-conductive adhesive 
resin. 

3S 
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